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(54) SILICON SINGLE CRYSTAL WAFER WITH LOW CONTENT OF CRYSTAL DEFECT AND ITS PRODUCTION 

(57)Abstract 

PROBLEM TO BE SOLVED: To produce a silicon single crystal wafer having a wide 
control width and an ultralow defect density over the whole surface of the crystal in 
the absence of both a V-rich region and an I-rich region under readily controllable 
production conditions by specifying the pulling up conditions of the crystal when 
growing the silicon single crystal according to a Czochralski (CZ) process. 
SOLUTION: A crystal is pulled up in a region surrounded by a border line between a V- 
rich region and an N-region and a border line between the N-region and an I-rich 
region in a defect distribution chart indicating the defect distribution for the distance D 
(mm) from the crystal center to the periphery of the crystal as the abscissa axis 
versus a value of F/G (mm2/° C.min) as the ordinate axis when the pulling up speed is 
F (mm/min) and the average value of the gradient of the temperature in the crystal in 
the pulling up axis direction in a region of temperatures from the melting point of the 
silicon to 1,400° C is expressed as G (° C/mm). The value of F/G is preferably 
regulated to 0.1 12-0.142 mm2/° C.min at the crystal center to pull up the crystal. 
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ftiw tciE3t#-f . bfco s F y > y©p«gaij«: 4) 

ffft-TSNIW* (02 (a) #B§) SfcttfliL-CN** 
^g^^^TTSCiKLfc. Tfc*>*>. 02 (b) w: 
7nL//c«fc 5 CCO S F 'J >^=fc^/Wtg £ N^€rS^:Rg 
^x-/N^lilCjit^-r5 C *3 l±tf MKi AG 

5 F /G«I©©HrtK:iK£ &<£ 5 fc? |±tf il 

jl£A3nfc*iIiSlifg*feo^j^ft:T-C^(cii^|ig©^ 50 
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[0030 ] — OSF y >^C^U-C5*. Hi5©0F 
6 Kf * — '^ffift "CiS^fSS©^^ OSF 

v > y©&#??&o-c bf&mit&mu: «fc 9 o s f y > ^ 

^CWbttTt,^. C©K^S©K^ffiti, R 
-©^S? \±» £$a£1SW3 IT. ^SDH©S^S 
*©»&£? l±tffc*SJH. ^i-^±Bl*l©^?SK^ 
2 4 p p m a^-c$>n«. ^i-^©&^ti&S£fT 
o fcfcHc O S F 'J > ^ L- tt I > C i #5gf2 3 ftT t> 

[003 1] Tfc*>*>. 05«. — ^OjSal^^litf* 
* CC&««U£4Ttf "C t,» o /cB#(c . *SH:£fifc:*>fc 

mzii-otcmicosF 'j>^ifi^3ns©tt2 4 p p 

ma*t"C. 24ppma*it»OSF l J>^li# 

fifsa*. ^{b®SK«i:-&osF>;>y«^L/rc» 

[0032] ^^C^K. ©1S3S&K* 2 4 p 

pma*ii(c-r-5tc«. fit*^6-sstcfflc»e»n-rc>.5> 
Srtfig»^^iig^L-ci4^©*«S:?:SiJia)^-5^©# 

[0 0 33] OSF l J>^4L.ii<tt., -e 

©&©?ffiET s i c ^ -cummin mwrn < & s 1 1 o 

a^y-^^ni^n^^o-c. osf»© 
^Siiij©^ s »raetc a e. % t >. 

[0034] #t,>T-0 S F y >^©Ji£S?:Pfl*r^^ 
(*PF*3^S£^JIL/ct>©) ^SSffifflb-C. OSF 

tmummfticosF v sic. ?i±if 

ii^=&t«a) UT»Sa«:5Lhtf fcIS*. 1 0 5 0-85 0 

•c©sa^«* 1 4 o^jaTrjiii-r^^is^-^^fc 
isntcii. -e-©^o s f >) > y&£.<oGMimm-r2>o 
s f mmimmzm t o s f y > n%*> 

-pfc (I. Yamashita and Y. Shim 
anuki : The Electrochemical 

SocietyExtended Abstrac 
t, Los Angels. Carifornia, M 
ay7- 1 2. 1989. P. 3 4 6#I) „ 
[0035]^C-C, F/Gfil^WCtn^T. *Sal*K 
mm&*2 4 p pma^ffiKSP^.. *4C»ti. fiSS^ 
© 1 0 5 0 'Cifih 8 5 0 •C$-C©Sg^jljfr ZMM 
S«r 1 4 0^Ti^c-5=t^{C*IJfflllxTOSF y>^ 
©iag*Pfl$f fttf. O S F^Kfb^S^ bfcl^KlJO 
SF y>^©ffe£W:&<. *>o, F P DSC^L/D^I? 

©^Bl?:lAU^ffffiH-Cf^-r s c t #-c* s„ 
[0036)tm. CZffi»cJ:oT3/ya>IM*a 



(6) 
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^WfiS-TSBtC. 3l±tfiIfi£F [mm/m in] t 
U >©Sb£*»6 1 4 0 0 •C(DFS8©SI±lf Mcfrfi 

<D^rtiS^iB©^ffi=&G [-C/mm] TTSIUfc 
B# t F/G©ffi£J&A#<iyt:\ 0. 112-0. 142 
mm' /'C • m i n tcMflPU ^S^SE^SS* 2 4 p 
P ma*ptCffl)^. fcSCHJ. BiTiB^B^cp© 1 0 5 0 'C 
tPh 8 5 0 "CgT-OSg^iiS-rSfclFPiarti 1 4 OftVL 

oi^C&gtftftlHlS: LT O S F 'J > ^#SS£ 
[0037] 

•cttffl-r s c z «t a? i itfmwo&f&mz m 
eictoRi-r*. 06cc^-r«fc^{c. c©#*sasi± 

tf^a3 0tt. 5LBfS3 li. ?LhlfM3 1*{CRW 
ZtlWyitO 2t, to-ytf3 2<DSH«Ci2g3n/cfc 
-*34£. ;l^#3 2*0I£3#S^->#R^«3 3 

Rof-£©@tK«» mfpit?) ±. vy=i>©a^*sA 20 

*ii&<!fli (Efivt*-r> ***.t;*fi*<**vr<,>*. 

3 2«. -eortfl8©5^y3>iB« <»> 2 *jRsr«flB 

Rt*&4vCt>&. *fc. b-*3 4©*HWHH«cttKI* 
*t3 5#Sfi2B34rCt,»5. 
[0038] Sfc. ^^OHfi^StCPg^^Hfiftf^ 
SRSTSfctiXc. *SA©@&Wffi©?i-JStc?gt*©IS?£ 
flffilW»*t8*IW*. -e©±tC±g|JH»Br5^t*9*siea 30 

a >BffiK 2 ©jgffii ©fffl(C 3 — 5 c m©l©lffl 1 0 *Rt* 

8*»W-C«r»4. JNK. Sia-C«fl±Cf^3 1©*¥# 
[Sj©^ffiijK. 0^Lttl>fiS5*Sao. 5^>;a>a»S2 
{C7K¥*I^ * & 0 > CtSflfcfrfa^©®!* £E[7»nr 5CiK 
iot, lkR©*tift&*)iMU #*SA©£5&£g*»a> 

[0039] Jfcfc. ±S2©iWSA3l±tf£a3 0 K«fcS 

♦ttanrfiWrttKot^ttiHri. sr. ^9>K3 2A 
y a >®!maiPfUMH«iba (ui42o- 

tHT C £ tc J: 9 2 ©RSK4><fr8<ca?-l£ A 5 ©5te 

®a©^|6]tClEie3-a'SiifelC, *r-7fr7%MlK2 
ttfc 9 R?ttA 5 *5 1 Jbtf * C i (C <fc K> . # 
ttAWfi&WW&Sti*. «fi ?l±lfi»*4SUS*«W 
fCiigBr £ C £ (C «t f? KR&$ft©*ttA* 1 *f#* C 50 
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[0040] corns. *«we«. *&s)i©gw*jg 

tc. 9l±tf£3 l©*ffiJ:©raatn4>©ffiRffi&© 

t^m^micis^x. iam&m<D&&o>m&& 1 4 2 0 -c 
&h 1 4 0 o^^mamcw^<mmnwsmi& 
vmtttc 1 1 . *©±<c±flsHfttKftM*9 =&ieaL/fc 

ci-c*5. ?6(c. ^cci£;DTC©W?SM*©±a»c 

[0 04 1 ] C©J: 5 fc«B©a±©fia*cBfje©|»|BI 

A©±^r«fc-*3?*>£©flS*M£:*7-y h-CtS© 
r. a«ilB©Wfefefl :J 6»JE3«4C4*»'r#4. c© 

SA©^iP^a iim mi ei§it^©^ai^a 3 6i« 
Rwrefa©jas«3i2^Bt«-r-5 ± 5 k. ux t> 

[0 042] *^BJ-cffiffl 0fc*««|±tf«aiJt*8 
©fctotcfif*©^a?:07tc^bft: o S*W^«)tJC 

jW. @fRI?BBff»«8. ±SHRMMl«9^>^ISB3 

[0 04 3] 

(3S»«»J 1)06 tc^ Lfc? IJbW 307. 2 0 A > 
?-C3E*y jK*cm*ttAS/y 60Kg ^ 
L/> i»26-f>9 1 < #ti< 1 0 0>©'>ya>#^A« 
*¥^?l±tfjIS^0. 88-0. 5 Omm/m i n(C 

cm). > y a >S!?g©«iS(Si^ 1420U mmifi h 

m&<Dmm¥mmtm<DTWt* xa, a c m©^p^i 

L. -e©±Kl 0 cml«$©^ttBi«l?®»T^»«:IBa 

ISMbr 3 0 c mtcRSL. ±SPB8l»r8Hvf i £:i2fiL 
fc. f l/T, ^A^SR-CWF/Gffl^O. 22-0. 

1 0 mm' • *C/m i n(Cg!<fc3#-C?l±lf fc. 

[0 04 4] CCr»&*lfc**A»*&. ^i-^^r 
WOWL. RffiftllSttl/rvyaXMSaoRBB^J. 

L-fc. ^©KSS. F/GffidsO. 112-0. 14 2m 
m* /"C • m i n©3SHF l itcte(,>-C, •ys.—J^M&J: 

i 5 mmaacciMRfbAm^tcj^-r&os f y > 
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i ) wutmm 

3 ) ei^ffifS 
5 ) H,fi,¥«E 

[0 04 53 (*6fiWJ 2 > *ttA? Lhtf telgs8 

tk o r o s f y > ?&&(Dmmz ms. l tt. 

[ 0 0 4 6 ] *<Dmm. F/G{i#0. 112-0. 1 

4 2 mm' /'C • m i n©ffiHrttC*jl,ir, *>x-;nBS 
rt5t^?gS^2 4 p p m aJil±©^x-^(i±Si/D- 

5 mmligtCO S F U > -SSfiXPS^x-^-C 

cn{C*tOT^x-^ffiF*3^3grggdi2 4 p p 
m a *«$© £ x a - > -Y >XRS©??& b & 
ONIiT, o s F^»??ar5*^B!{b«lS«: Jr-o-c 
osF»j>y*»*ixftt»«sx* , >x—'%r*r>fc. ft 

*$. C©^xw>©|£{b«Wff1$t4te. C-*-FJl* 
^1 0 0%i«^fc. 

[004 7] (*Jg^3 ) #*S B %?l±lf*tC > ten*© 
1 050-85 O'Ct.-COMmmZm.j&t Z&ffflt: 1 4 

u ^ffitai£fiSLT^y a^tell^fiffi^x-^*: 
fflU ^a-W>XR5©I«5££?T^c„ mm 

W^iltOS F 'J > ^^^©WJR^rfilSb/c. 
[0048] -e©teHI. 6$i&gg#2 7 p p m a ©£>© 
"C^wrfe, F/Gti^O. 112-0. 14 21001' 
/*C • m i nCDffiHrttcfct^r. £ffl^n-W>$tf8 
©fffil/ftt»N«W-C. OSF^«???S-rS»^^t«!i 

CO^x-^cD^ftKiWE^ttCi, C- 
*- FUS* 1 0 0 % L tt -> tc. 
[0049] fcfc. #2feBj». ±BB3liS^IBtcKS3tl 

i/. B«*cflU8«**%tw-4 

[0050] ±IBSIiS^SS«Cfe^'r» < its 6 

g£F [mm/mi n] iU ^ U a >©SI1£> & 1 4 
0 0 -C©ra©?l±lf M«|uI<DfiArtaft«)EO^£Mt« 
G ['C/mm] -CgkLtc&f. F/GOffifcteA^'fc-C. 
0. 112-0. 1 4 2mm' /*C • m i n£&-&J;5 

Kiwsi-rfitf. 1SS8-1 6-r>^*s^«-etitLh© 



25nm, 2 ) ifflSm® : V > P-Vf • # 'J Is <) => 

8mm' , 4)^«e£: ImA/cm' . 

[005 1 ] JJB*IMBMKC*ll>-Ctt. {£633? 

[0052] 

[^bj©^] tiilftB^ufcfc^tc. *^tcj:ntf. 
WMttJft^oMMfeWC < a 0 . o s F y > ^fffl'J 
©Nim OSF'J>y, i&S^teOSF&Rtf-?-©!^ 
Wl©N^lSt fe&fflT -5 C 4 K «fc >5 ^RSNM^fiyt L 
/c^x-yx^^tc^-rSCi^-C^S. -£l/T\ 

^fb* 4 t»tt<ss«?©s»ais©»j@P=&»ffl-r*itf o s 
20 F y>*4*£-ttr. ^n--Y>^fiSfeS(gu^i'©'? 

x-^M*5fe^RS©i/y n^^S^x-^^SS-r 
[Sffi©fSm^£lftBl] 

[^i ] ->y a^^s^x-^Mrttcfcws, ten© 

S^|fi]{ig^«l4L. F/G4i?:SJ«l<!:Ufc«^©^ 

[02] ^m-c^Ltc^m^xm^imotc 

( a ) iiS©? I±lf *ff-C?|±tf fclft^^ ( b ) 
30 ©?l±Cf^fr-C?l±lf/da^„ 

[S3] se*©3i±t/*ffi«c*iw*»aiHrtiswB»« 

( a ) ilS©3 l±tf^ff-C3 l±Cf fcJS^ ( b ) 3 |±tf 

[04] «£*<D5l±t/**6K*JW*3l±tfjt*4ttftffi 

( a ) itFS3l±lf ©«^. ( b ) tWHIitf ©*^. 
<c) <SiI3l±tf©ti^. 

[05] 4=Mitc«b»T. •y^-^icmmitmm^mb 

40 ^©O S F 'J >^©^^4 O S F^©??a«i|Si 
©^WfflS^teBltp^rgetcF^snTt^c 
LfclSB90-C*-S o 

<a) te B ^©S$^|SlCig<!:^^SS©M^«l//c 
f?7, (b) tSaltHBiStCfc^-r. OSF y>^©^ 

^Migi o s f ^©^^^^©^fis^^-rsftBjs 

[06] *»grcttflj i/ fcc z &k. j: zmtsiks i±if 
i?s©«ia5KiH0-c*s„ 

[07] CZ^Kj:4Si3fe©*tSS3l±lfiia©«B B Si 

50 B^0t>*-2). 
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